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Abstract In this study we investigate two reference dependence effects in a choice experi-
ment. The first is the effect of thewell-known distinction between gains and losses, the second
is the effect of changing the reference value on willingness to pay (WTP) and willingness to
accept (WTA). The latter has to our knowledge not been studied before. We hypothesize that
there are differences between WTA and WTP, and that both value functions and their dis-
parity are affected by the absolute value of the reference point. We test our hypotheses using
a choice experiment with trade-offs between changes in flood probabilities and costs. The
choice experiments elicitWTP andWTA, using two flood probability reference values, yield-
ing four separate value functions. Our findings show that a substantial WTA–WTP disparity
exists, and that this disparity increases when moving away from the reference point. Also,
both WTA and WTP value functions are affected by the flood probability reference value,
and the WTA–WTP disparity increases when the flood probability reference point increases.
Both findings suggest that welfare effects caused by changes in public good provision depend
not only on the direction of change (loss aversion), but also the reference value. Moreover,
our results show that the latter effect is larger for losses than for gains. We introduce the
concept of reference point updating as a possible explanation for these findings.
Keywords Value functions · WTA–WTP disparity · Prospect theory ·
Reference dependence · Choice experiment · Flood probability · Reference point updating
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1 Introduction
The pervasive disparity between willingness to accept (WTA) and willingness to pay (WTP)
for identical changes in goods and services implies that choosing appropriate welfare mea-
sures to assess the economic consequences of those changes is essential. This is especially true
in the realm of public goods provision, where property rights are not always well defined and
market prices to guide welfare analysis and decision making are often missing. Substantial
differences between WTA and WTP were first observed in hypothetical questions involving
public goods (see Cummings et al. 1986). Since then many empirical studies have, almost
without exception, reported large WTA–WTP disparities (e.g., Horowitz and McConnell
2002; List 2003). Within an expected utility framework, substitution and income effects have
been put forward to explain the observed WTA–WTP disparities (e.g., Hanemann 1991).
However, studies by Sudgen (1999) and Horowitz and McConnell (2003), among others,
show that the observed differences cannot be reasonably explained by income and substitu-
tion effects only.
With expected utility theory failing to fully explain the patterns observed in the empirical
literature, prospect theory has become the main alternative theory of decision behaviour
under risk since Kahneman and Tversky (1979). Key elements of the original version
of the theory are that: (1) people value losses higher than gains, leading to a dispar-
ity between WTA and WTP (loss aversion); (2) the marginal value of both gains and
losses decreases with their magnitude. These two properties give rise to an S-shaped
value function that is asymmetric around the reference point (steeper for losses than for
gains). Other, extended versions of prospect theory have been developed since Kahneman
and Tversky (1979). For example, cumulative prospect theory considers the cumulative
probability distribution function of all prospects instead of the individual prospect prob-
abilities (also known as rank dependence), and allows for different probability weighting
functions of gains and losses (Tversky and Kahneman 1992). Various other theoretical
models of reference dependence, for situations with and without risk, have been devel-
oped in recent studies (e.g., Ko˝szegi and Rabin 2006; Neilson 2006; Loomes et al.
2009).
Empirical evidence on loss aversion is abundant in general (e.g., Horowitz andMcConnell
2002), but for preferences regarding public environmental good provision it is limited (for
exceptions, see Bateman et al. 2009, and Brouwer and Schaafsma 2013). In this paper we add
to the literature by empirically testing the combined effects of loss aversion and changing the
value of the reference point onWTA andWTP value functions and theWTA–WTP disparity.
Toour knowledge these latter effects have not been studies before. For this purposewedevelop
a choice experiment in a case study area where changes in future flood probabilities may
cause substantial damage. Stated preferencemethods such as contingent valuation and choice
experiments are rarely used in flood valuation studies (Brouwer et al. 2009; Dekker et al.
2014), but there is an emerging stated preference literature on demand for flood insurance,
both in developed and developing countries (Botzen andVan denBergh 2009, 2012; Brouwer
and Akter 2010; Brouwer et al. 2014). These studies typically investigate householdWTP for
flood insurance under different flood probabilities and damage cover. The general expectation
underlying WTP for flood control or insurance is that people are risk averse when their
decision involves potential losses under low probability-high impact conditions, and the
corresponding individual choice behaviour is motivated by a desire for security. A study by
Brouwer and Schaafsma (2013) is the only study we know of that examines both WTP and
WTA in the context of increasing flood probabilities.
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The remainder of this paper is organised as follows. Section 2 presents the theoretical
background and our research hypotheses. Section 3 discusses the design of the choice exper-
iments and the welfare measures used. Section 4 is dedicated to statistical design and data
collection, while Sect. 5 discusses results of statistical tests and the statistical model used for
data analysis. In Sect. 6 we discuss the estimation results. Section 7 is aimed at hypothesis
testing and presents our findings regarding the effects of reference dependence on the WTA
and WTP value functions, and on the WTA–WTP disparity. Section 8 concludes.
2 Theoretical Background and Hypotheses
Our starting point is a model that was recently used in an experimental study on reference
dependence by Viscusi and Huber (2012). Their model is originally based on the model
developed by Ko˝szegi and Rabin (2006), in which the utility impact of a change in the
consumption of a good or service depends on the difference between the new level and a
reference level (like Tversky and Kahneman 1991), and on the absolute value of the new level
of consumption (unlike Tversky and Kahneman 1991). This model is of specific interest
for our purposes because it is used to study trade-offs between changes in costs and risk
probabilities. We also study people’s trade-offs between costs and risk probabilities, but
while Viscusi and Huber (2012) focus on separating the effects of cost and health probability
reference dependence, we focus on the combined impact of loss aversion and changing the
flood probability reference value on the WTA and WTP value functions and the WTA–WTP
disparity.
Viscusi and Huber (2012) consider a situation in which a person goes from an initial
reference situation r with monetary cost cr and health risk probability pr , to a new situation
n with monetary cost cn and health risk probability pn . For our purposes, we change health
risk to flood risk, but otherwise our set-up is very similar. Using a slightly different notation
than in Viscusi and Huber (2012), utility (U) in the new situation is given by:
U (cn |cr ; pn, k|pr , k) = v (cn) + μ [v (cn) − v (cr )] + pnh (k) + λ [pn − pr ] h (k) , (1)
where v(c) is the utility function of monetary costs (for flood control measures), k represents
the damage costs associated with a flood, h(k) is the flood (damage) cost utility function, and
μ and λ are reference dependence parameters for monetary costs and flood risk probability,
respectively. In this study we keep the individual damage costs related to floods fixed, and
introduce a trade-off between the monetary costs of flood prevention and flood probability.
As usual in reference dependence models, both μ and λ are larger for losses than for gains
(μ− > μ+ and λ− > λ+). Viscusi and Huber (2012) focus on separating the effects
of cost reference dependence and health probability reference dependence, and find that the
former impacts utilitymore than the latter.Moreover, their results show that health probability
reference dependence only matters in the domain of cost decreases. Although our set-up is
similar, we focus on the combined effects of flood probability loss aversion and changing the
absolute value of the flood probability reference value.With respect to the latter we introduce
a concept we call ‘reference point updating’. This may occur when a change occurs stepwise
during several stages (e.g., changes through time). The underlying intuition is that once a
change has occurred, people adjust to the new situation and update their utility function
to account for the change in reference point. If another change occurs, people value that
change using their new reference point instead of the initial one, and consequently the value
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attached to the change is different than if it would have occurred simultaneously with the first
change.1
In our model, a change in utility dU/dp caused by a change in flood probability from pr
to pn is given by:
dU ( pn | pr ) = − (1 + λ) (pn − pr ) h (k) . (2)
Now consider a decrease in flood probability from p1 to p3. Reference point updating would
mean that going from p1 to p3 produces a different change in utility as going first from p1
to p2, with p1 > p2 > p3, and then from p2 to p3. In mathematical terms, using Eq. (2),
this boils down to the following inequality:
− (1 + λ) (p3 − p1) h (k) = − (1 + λ) (p2 − p1) h (k) − (1 + λ) (p3 − p2) h (k) . (3)
If λ is independent from p, the terms on the right hand side can be rewritten to yield the term
on the left hand side, implying that the inequality only holds when λ is a function of the flood
probability given its reference point, i.e., λ = f (pn |pr ). With respect to our initial model
formulated in Eq. (1), this inequality would imply that the model is incomplete. An updated
version would need to incorporate some form of λ = f (pn |pr ), the purpose of which would
be to incorporate a reference point updating process.
We present this process graphically in Fig. 1. In the figure the x-axis represents flood
probability, which decreases whenmoving to the right, and the y-axis represents the disutility
related to flood probability. Utility increases (or rather, disutility decreases) when flood
probability decreases (U ′(p) < 0) and we assume (and will later on show) that marginal
utility increases when flood probability increases (U ′′(p) > 0). The figure represents a
situation in which a person is confronted with flood probability p1, with negative utility
u1 derived from utility curve U 1. An exogenous change now occurs which causes flood
probability to move from p1 to p3, leading to a change in the associated utility of (u3–u1).
Now consider a two-step decrease in flood probability, first from p1 to p2 and then from p2
to p3. When there is no reference point updating, i.e., the utility curve does not shift, these
changes lead to an identical change in utility as before (u3–u1). However, under reference
point updating, the flood probability utility curve is expected to shift upwards to U 2, and the
two-step change in flood probability induces a change in utility to u4. This implies a larger
change in utility than under no updating, i.e., (u4–u1) > (u3–u1). The main idea here is that
changing the reference value in a choice situation affects the location of the utility curve and
thereby the WTP and WTA value functions for preventing or accepting a change, in our case
a change in flood probability.
To investigate the combined impact of loss aversion and changing the absolute value of
the reference point, we design our study such that we are able to derive value functions
using separate flood probability reference values for both losses and gains, i.e., U 1(pr1) and
U 2(pr2)with pr1 > pr2. As in Eq. (1), we defineμ+ andμ− for respectively cost decreases
(gains) and cost increases (losses), andλ+ for respectively flood probability decreases (gains)
and λ− for probability increases (losses). In our design we do not change the reference value
for costs, although we distinguish between cost increases and decreases in order to be able
to measure both WTA and WTP. We estimate WTA and WTP on identical parts of the utility
curve, implying that the flood probability reference point for WTP (p1 in Fig. 1) is opposite
the one for WTA (p3 in Fig. 1). This means that reference point updating for WTP should
1 Although reference point updating may seem to be related to Bayesian updating, the two processes are
different. In our case there is no individual updating due to new information, which is an essential element
of Bayesian updating (see, e.g., Greenberg 2008). We compare valuation results across split samples of
homogeneous respondents who were given different reference starting points.
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Fig. 1 Graphical representation
of reference point updating: the
flood probability utility function
U (P) is updated from U1 to U2
due to a decrease in the flood
probability (P) reference value
from p1 to p2
occur when the flood probability reference point decreases (e.g., from p1 to p2 in Fig. 1),
and for WTA when the flood probability reference point increases (e.g., from p3 to p2 in
Fig. 1). Based on the considerations discussed above, we test the following two hypotheses:
Hypothesis 1: There is a disparity between WTA and WTP for identical flood proba-
bility changes: λ+ < λ−.
Hypothesis 2: WTA and WTP flood probability value functions move upward as the
flood probability reference value decreases for WTP and increases for WTA.
To our knowledge this is the first study that addresses the impact of varying reference
points on the WTP–WTA disparity. There are no existing empirical insights into the effects
of different reference points on WTA andWTP value functions. Since we measure WTP and
WTA on identical parts of the utility curve, we introduce opposite flood probability reference
points for WTA and WTP. In this situation, and as defined in hypothesis 2, updating is
expected to take place when the flood probability reference value decreases for WTP and
increases for WTA. This implies an increase in WTP and a decrease in WTA when the flood
probability reference value decreases, leading to an unambiguous decrease in theWTA–WTP
disparity. This leads to our third hypothesis:
Hypothesis 3: The disparity betweenWTA andWTP decreases as the flood probability
reference value decreases.
In order to test our hypotheses, we carry out choice experiments to measure consumer
preferences in the specific context of flood risks. In four separate experiments, identically
sampled groups of consumers exposed to the same flood risk are asked to value changes
in flood probability, starting from different flood probability reference points and differ-
ently defined property rights (WTP or WTA). One group is given the right to a certain risk
protection level (WTA), whereas the other is not (WTP). This allows us to test possible differ-
ences between WTP for avoiding and WTA compensation for increased flood probabilities.
Incorporating different flood probability reference points allows us furthermore to test the
possible existence of reference point updating. The four experiments and their interrelations
are summarised in Table 1.
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Table 1 The four experiments and their interrelations
Probability reference value = pr1 Probability reference value = pr2
Willingness to pay











– (1 + λ−) (pn – pr1) h(k) – (1 + λ−) (pn – pr2) h(k)
By comparing results betweenWTP1 andWTA1, and betweenWTP2 andWTA2, we test
the disparity betweenWTA andWTP. By deriving and comparing value functions for WTP1
and WTP2, and for WTA1 and WTA2, we test our second and third hypothesis, in particular
to what extent the disparity between WTP1 and WTA1 on the one hand, and the disparity
between WTP2 and WTA2 on the other, changes as a result of varying flood probability
reference points.
3 Choice Experiment Design and Welfare Measures
The study is carried out around the IJsselmeer, one of the largest freshwater buffers in Europe
(Fig. 2). This buffer is used during the summer as one of the main sources of water supply
for agriculture and residential household water demand. In the winter the lake functions as
a buffer for excess storm and river water. In order to anticipate future climate change and
corresponding droughts and floods, the Dutch government is considering a future increase
in the IJsselmeer water level.
Increases in the water level have a number of consequences in and around the IJsselmeer.
Without additional government investments in flood control, flood probabilities will increase,
wildlife habitat along the shores of the IJsselmeer will disappear, and bird populations will
decrease in size and variation. In this study we assess preferences of people who live around
the IJsselmeer for these potential future changes. In our experimentswe include one label, i.e.,
raising the dikes, and four attributes, i.e., creating shores along the coast of the IJsselmeer,
changes in the bird population, changes in flood probability, and changes in the annual
municipal tax.
In view of the fact that increases in the height of dikes are correlated with flood prob-
abilities, raising the dikes around the IJsselmeer is included as a label, indicating whether
dike increases take place or not. With this we aim to measure the influence of increasing the
height of dikes on safety perception, whilst controlling for changes in flood probability.
Economically optimal flood probabilities around the IJsselmeer vary from once every
10,000years to once every 500years (Kind 2014), so we use this range in our experiment.
It is unlikely that respondents know current flood probabilities, not least because they differ
per location (Bos et al. 2012). Using respondent-specific levels is therefore not sensible. In
order to be able to test our hypotheses, we design aWTP experiment and aWTA experiment,
each with two different reference situations, resulting in four separate experiments: WTP1,
WTA1, WTP2, and WTA2. In each experiment the absolute flood probability levels vary but
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Fig. 2 Location of the IJsselmeer study area (blue) and sample population around the IJsselmeer (red) in the
Netherlands. (Color figure online)
the relative change in flood probabilities is kept constant. We furthermore ensure that the
ranges of the levels are largely overlapping. The levels in the first set of WTP and WTA
experiments (WTP1 andWTA1) are once every 5,000years, once every 1,000years and once
every 500years. The levels in the second set of WTA and WTP experiments (WTP2 and
WTA2) are once every 10,000years, once every 2,000years and once every 1,000years. In
both experiments respondents were informed that in the future these are the levels they could
be facing due to increasing water levels. Two pre-test rounds were used to assess how well
respondents understood and could meaningfully distinguish between the attribute levels. We
used a risk ladder so respondents could assess flood risks compared to a variety of other
risky events. Our pre-tests also showed that presenting flood probabilities as the chance that
one or more floods occur during a 30-year period, the standard mortgage time period in the
Netherlands, considerably improved understanding of the presented probabilities. Hence,
flood probabilities were presented to respondents in both ways. For example, a flood proba-
bility of once every 10,000years is equivalent to a probability of 0.3% of at least one flood
in 30years, while a flood probability of once every 500years is equivalent to a probability of
6% of at least one flood in 30years.
An alternative means of flood control is the creation of shores to break the waves coming
from the IJsselmeer. The shores also provide a wildlife habitat shelter and have positive
effects on nature and landscape aesthetics. Also the costs of building and maintaining dikes
and shores differ substantially, and therefore there exists a trade-off between public safety,
nature and costs. We distinguish between three levels: no shores, shores off the coast and
shores next to the dike.
123
730 M. J. Koetse, R. Brouwer
Table 2 Attributes and attribute levels in the four choice experiments
Attributes Attribute levels
Raising the dikes No (reference scenario in WTP version)
Yes (reference scenario in WTA version)
Flood probability Once every 5,000years (reference scenario WTA1)
WTP1 & WTA1 Once every 1,000years
Once every 500 years (reference scenario WTP1)
Flood probability Once every 10,000years (reference scenario WTA2)
WTP2 & WTA2 Once every 2,000years
Once every 1,000 years (reference scenario WTP2)
Change in bird population 0 % (reference scenario WTA)
–10%
–30% (reference scenario WTP)
Type of shore No shores (reference scenario WTP)
Shores off the coast
Shores next to the dike (reference scenario WTA)
Change in annual local tax (increases





Increasing the IJsselmeer water level is expected to have substantial effects on the bird
population in the area as it changes the composition of the existing natural areas in the
IJsselmeer area. Increasing water levels is expected to reduce bird populations by as much
as 30%. Following expert judgment (Bos et al. 2012), we include bird population reductions
of 0, 10 and 30% in the experiment.
The costs of raising dikes and building shores will be paid for through local taxes. The
tax levels need to be sufficiently wide to cover maximum WTP and minimum WTA. After
varying and testing the levels in two pre-test rounds, changes in annual local tax (increases
for WTP and decreases for WTA) were included of 60, 100 and 180 Euro, while there is no
change in annual local tax in the reference scenario. The attributes and attribute levels for
the four experiments are summarised in Table 2.
We are interested in the WTP and WTA for identical parts of the utility curve, so we use
identical attribute levels, but switch the reference points in the WTP and WTA versions of
our choice experiment. Nevertheless, theWTP for avoiding a negative environmental change
thereby measures an equivalent surplus, while the WTA a negative environmental change
measures a compensating surplus. Although this difference may to some extent affect the
difference between WTP and WTA, it does not affect the effects of changing the reference
value (i.e., effects caused by changing the flood probability reference points in experiments
1 and 2).
Another aspect of the design is related to cost reference dependence. Viscusi and Huber
(2012) find that reference dependence with respect to costs is stronger than health probability
reference dependence. In our design the effects of changing the flood probability reference
value on theWTA andWTP estimates, and on theWTA–WTP disparity, cannot be explained
by costs reference dependence, since the experiments with different flood probability refer-
123
Reference Dependence Effects on WTA and WTP Value Functions… 731
ence points use identical cost reference points and identical cost changes, both in terms of
direction and magnitude, even though the WTP questions involve a cost increase, while the
WTA questions involve a cost decrease.
4 Statistical Design and Data Collection
The attribute levels can be combined to generate 81 alternative policy scenarios. These cannot
all be shown to respondents, hence a fractional factorial main effects design was generated
using the software Sawtooth CBC. Sawtooth uses a randomized design strategy, and produces
a design that is close to orthogonal with minimal overlap of attribute levels and efficient in
terms of main effects. During statistical design generation we imposed the restriction that the
policy scenarios should include an improvement (in the WTP version) or deterioration (in
the WTA version) of at least one of the three non-monetary attributes. The statistical design
consists of 15 versions of 10 choice tasks each, and each respondent was randomly assigned
to one of these 15 versions. In order to ensure an identical design and identical trade-offs for
the WTP and WTA versions, the attribute levels for local tax were switched around in each
choice question for the WTA version compared to the WTP version.2
The reference situation in the WTP experiment is a situation that is most unfavourable
with respect to flood probability, presence of shores and bird populations, but in which no
tax increases take place. The two alternative policy scenarios in the WTP version are more
favourable with respect to at least one of these three non-monetary attributes, accompanied
by an increase in annual local taxes. The reference situation in theWTA version is a situation
that is most favourable with respect to flood probability, shores and bird populations, but in
which there are no tax reductions. The two alternative policy scenarios in the WTA version
are less favourable with respect to at least one of the three non-monetary attributes, and are
accompanied by a compensation in the form of a decrease in annual local taxes. Examples
of WTP and WTA choice tasks are presented in Fig. 3a, b. Each respondent was first shown
an example of a choice card with instructions about the choice task. After that respondents
answered ten choice tasks, followed by debriefing questions about the way in which they
made their choices.3
The survey was implemented via internet in December 2012. The relevant population in
this study consists of people who are expected to be directly affected by potential future
changes in the IJsselmeer. The sample was drawn from a Dutch internet panel owned by
TNS-NIPO, which includes more than 200,000 households. The panel is established through
random sampling, meaning that each household has an equal chance to be added to the
panel as long as it conveyed a willingness to participate. In the TNS-NIPO panel around
6,800 respondents live in the postal code areas around the IJsselmeer (red areas in Fig.
1). From this set, four independent samples were drawn, one for each of the four choice
experiment versions. For each sample we employed representative sampling based on age,
gender, household size, social class (education and profession) and residential location. For
each of the four choice experiments 375 households were invited to complete the survey. The
2 For example, an increase of 180 Euro in the WTP version in choice option 1 vis-à-vis an increase of 100
Euro in choice option 2 implies that choice option 2 is financially more attractive by 80 Euro. Now suppose
we use the same design for the WTA version, and note that tax increases in the WTP version have become tax
decreases in the WTA version. In this case choice option 1 has become financially more attractive than choice
option 2 by 80 Euro. Therefore, in order to make the designs for WTA and WTP identical, the levels for local
tax have to be switched around for the WTA version compared to the WTP version.
3 The full survey is available upon request from the authors.
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Fig. 3 a. Example choice card experiment WTP2 b. Example choice card experiment WTA2. (Color figure
online)
total number of respondents who completed the survey is 1,208 and is more or less equally
divided across the 4 subsamples (n=298, 297, 314, 299), yielding an average overall response
rate of around 80%.
The socio-demographic respondent characteristics in the four samples and for the popula-
tion fromwhich the samples were drawn are presented in Table 3. The table clearly shows that
the socio-demographic composition of the four samples is very similar to the composition
of the overall population from which the samples were drawn. Also there are no significant
differences between samples. Any differences observed in the estimation results between the
four experiments are therefore not expected to be caused by differences between samples in
socio-demographic background and household composition.
5 Statistical Model and Tests
Preferences are modelled in terms of McFadden’s (McFadden 1974) Random Utility Model
(RUM), allowing for a separation of utility (Ui jt ) into a deterministic (Vi jt ) and a stochastic
part (εi j t ). Choice experiments fall in the class of attribute-based methods in which the
deterministic part of utility of individual i for good j in choice task t is described in Eq. (4)
as a linear function of its attributes Xi jt and other explanatory variables Zi jt :
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Table 3 Socio-demographic characteristics for the four sub-samples and for the population from which they
were drawn
Population (%) WTP1(%) WTP2(%) WTA1(%) WTA2(%)
Gender
Male 49.4 50.3 50.8 49.0 49.8
Female 50.6 49.7 49.2 51.0 50.2
Age composition
Age < 25 11.0 10.1 9.4 9.6 10.7
25 => Age < 35 11.8 13.1 13.8 15.6 14.7
35 => Age < 45 19.3 20.1 16.8 17.8 18.7
45 => Age < 55 22.1 18.8 20.5 21.3 19.4
55 => Age < 65 20.4 20.5 17.5 16.6 20.4
Age >= 65 15.9 17.4 21.9 19.1 16.1
Social class (education and profession)
1 (High) 21.2 21.8 20.9 23.2 23.4
2 34.3 34.2 31.6 36.0 34.4
3 15.2 14.8 14.1 13.4 15.7
4 26.3 27.2 29.0 25.2 23.4
5 (Low) 3.0 2.0 4.4 2.2 3.0
Household size
1 17.6 18.1 20.2 17.2 18.7
2 35.1 37.9 37.4 38.9 37.1
3 17.6 17.1 15.8 18.8 16.7
4 20.2 19.8 20.2 18.5 18.1
> 4 9.5 7.0 6.4 6.7 9.4
Education
1 (Low) – 0.7 0 0 0.3
2 – 3.0 4.4 2.9 3.3
3 – 18.1 20.5 17.8 17.1
4 – 12.1 14.8 9.6 13.0
5 – 26.2 20.9 23.9 23.4
6 – 14.4 15.8 16.9 15.1
7 – 17.8 17.8 22.3 19.1
8 (high) – 7.4 5.7 6.1 8.4
Unknown – 0.3 0 0.6 0.3
Number of respondents 6,803 298 297 314 299
Ui jt = Vi jt + εi j t = βXi jt + αZi j t + εi j t , ∀ j ∈ K . (4)
In each choice task t respondent i is presentedwith a limited set of possible choice alternatives
K, in our case consisting of a reference scenario and two policy scenario’s. The stochastic
term is assumed to follow an IID extreme value distribution of type 1.
To account for preference heterogeneity the preference parameters for the attributes are
allowed to vary across respondents. Equation (5) describes the mixed logit (ML) probability
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dβi , ∀ j ∈ K . (5)
The utility coefficients β for the non-price attributes vary across individuals (hence βi ) with
probability density (βi |b). This density can be a function of any set of parameters and
represents in this case the mean and variance of β in the population sample.
Applications ofML-models have shown that thismodel is superior to the standardmultino-
mial logit model in terms of overall fit and accuracy ofwelfare estimates (e.g., Provencher and
Bishop 2004; Brouwer et al. 2010). Mixed logit models account for preference heterogeneity
and repeated choices (Train 2003). The price attribute included in the choice experiment
implies that monetary welfare estimates can be derived (e.g., Hensher et al. 2005), represent-
ing the WTP or WTA arising from a change in the bundle of policy characteristics.
Our estimation results are used for hypothesis testing. We test hypothesis 1 by comparing
the WTA and WTP for identical flood probability levels (H0: WTA1 > WTP1 & WTA2 >
WTP2). For this we use Poe’s combinatorial test procedure (Poe et al. 2005). Hypothesis
2 is tested by comparing WTP (WTA) estimates for identical flood probability levels from
experiments 1 and 2 (H0: WTP2 > WTP1 & WTA2 > WTA1), while hypothesis 3 is tested
by comparing the WTA–WTP disparity from experiment 1 with the WTA–WTP disparity
from experiment 2 (H0: WTA2/WTP2 > WTA1/WTP1). For testing hypotheses 2 and 3,
using Poe’s combinatorial test procedure is not possible because the underlying statistical
distributions for these transformed WTP and WTA values are unknown, so we rely on the
point estimates for hypothesis testing in these two cases.
Before turning to the estimation results in the split samples, we furthermore performed
statistical tests following Swait and Louviere (1993) to assess whether the estimated models
for the four choice experiments are statistically significantly different. TheSwait andLouviere
(1993) test procedure is aimed at comparing equality of preference and scale parameters
of the estimated choice models. Scale parameters and hence choice variance may differ
across repeated choice sequences, for instance due to preference learning (Brouwer et al.
2010), but also because of possible differences between contexts in which the experiments
were conducted, in this case the four versions of the choice experiment. Comparison of the
estimated coefficients for the choice attributes is not straightforward due to the confounding
of preference and scale parameters. This prevents the attribution of observed differences
to both differences in scale and preferences or preference parameter inequality and equal
scales (Louviere et al. 2000). The Likelihood Ratio (LR) test procedure therefore consists
of a two-step approach where the scale parameter of one of the two datasets is first rescaled
to allow testing of equality of preference parameters, whilst controlling for varying scale
parameters between the two choice data sets. Secondly, a test for scale parameter equality
is performed. The latter test is only meaningful if the preference parameters are found to
be equal between the analysed choice sets. We run the test procedure for four combinations
of the experiments, i.e., WTP1 versus WTP2, WTA1 versus WTA2, WTP1 versus WTA1,
and WTP2 versus WTA2. The test results show that the first null hypothesis of equality of
preference parameters is convincingly rejected for all four comparisons at the 1% level. This
implies that the estimated four choice models are not the same. However, as mentioned we
are unable to attribute this to either the inequality of preferences or the scale parameters.
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6 Estimation Results
Knowing that the four choice models are significantly different, we present the results of
the mixed logit models separately for the WTP experiments in Table 4 and for the WTA
experiments in Table 5. Tax is included as a continuous variable and dummy variables are
included for all other attribute levels to test for potential non-linear effects. The reference
categories for the dummyvariables in theWTP andWTAmodels are presented in Table 2. The
constant is included in the reference scenario utility function to test whether increasing dike
height has an effect on safety perception, whilst controlling for changes in flood probabilities.
Themixed logit models are estimated using 500 Halton draws from a uniform distribution for
the dummy variables (as suggested by Hensher et al. 2005), in order to improve the efficiency
of the statistical estimation procedure (Bhat 2003). Tax is included as a fixed parameter
because this generally results in lower standard deviations of the estimated welfare measures
(Hensher et al. 2005). WTP and WTA standard errors are obtained using the Delta method
(see Greene 2003).4
The estimated standard deviations of the random parameter distributions in Table 4 show
that, judging by their t-values, there is preference heterogeneity for increasing the height of
dikes, reducing flood probabilities to once every 5,000 and 10,000years, creating shores next
to the dike and preserving the bird population. Estimated means of the parameters have the
expected signs for all attribute levels and are statistically significant at a significance level
of at least 5%, except for the reference scenario constant in WTP1. The reference scenario
constants in the models measure preferences for increasing the height of dikes. The large
standard deviation of the parameter distribution on raising dikes shows that both positive and
negative preferences are found in our samples. Negative preferences may be due to the fact
that increasing dike height limits or takes away the view on the IJsselmeer at those locations
where there currently is a view. Positive preferences may be motivated by an increase in
safety perception. WTP for creating shores along the coast of the IJsselmeer is substantial.
In both experiments people appear to prefer shores next to the dike to shores off the coast.
However, the differences are small and Wald tests on the equality of the parameters reveal
that the differences are statistically insignificant for bothWTP1 andWTP2.WTP for (partly)
preserving the bird population is substantial as well, with marginal WTP slightly decreasing
when bird preservation levels increase.
WTP estimates for flood probabilities that are two and ten times smaller than in the
reference scenario are very similar for experiments WTP1 and WTP2. Given the relatively
small difference in WTP for a flood probability level of once every 10,000 (5,000) years
and a flood probability level of once every 2,000 (1,000) years, the results show that there is
a strong decreasing marginal WTP for reductions in flood probability. Poe tests reveal that
the differences in WTP for experiment 1 are still statistically significant at <2%, but for
experiment 2 they are statistically insignificant at 10%.
The patterns in the results from the WTA experiments (see Table 5) are very similar to
those for the WTP experiments. We find substantial preference heterogeneity, increasing the
height of dikes is valued positively, shores are preferred to no shores, (partly) preserving
the bird populations is valued positively, and an increase in flood probability substantially
4 Respondent characteristics for the four experiments are very similar (see Table 3), implying that it is
unlikely that they explain the findings presented in this paper. In order to confirm this we estimated models
with interactions between the choice attributes and three potentially important background statistics, i.e.,
income, distance to the IJsselmeer and safety perception. The results show that the effects are small and/or
statistically insignificant, and that they do not affect the main patterns and findings. We therefore chose to
present the attributes-only models in this section.
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Fig. 4 WTA/WTP estimates for avoiding/accepting an increase in flood probability to once every 500years
(in Euros per year) in experiments WTP1 and WTA1
reduces utility. The differences inWTA for different flood probability levels are larger than for
the WTP experiments, i.e., marginal WTA is still decreasing, but less so than for WTP. Still,
the Poe tests reveal that both for experiment 1 and 2 the WTA values for the different flood
probability levels are statistically insignificant at 10%. The most striking difference between
theWTP andWTAmodels is that the estimatedmarginalWTAvalues are substantially higher
than the estimated marginal WTP values. In the next section we analyse this issue in more
detail.
7 Reference Dependence Effects
In order to test our first hypothesis and show the differences between WTA and WTP more
clearly, we present in Fig. 4 the marginal WTP andWTA estimates for avoiding or accepting
an increase in flood probability to once every 500years for experiments WTP1 and WTA1.
Both the WTP and WTA curve show a decrease in the slope of the flood probability curves,
but where decreasing marginal WTA is small, decreasing marginal WTP is large. Performing
a Wald test on the differences in slope parameters in Tables 4 and 5 reveals that they are
statistically significant at 1 percent for WTP1, and statistically significant at only 10% for
WTA1. As a consequence the difference betweenWTP andWTA increases when the change
away from the reference situation increases. Also WTA is almost 2.5 times larger than WTP
for a flood probability of once every 1,000years, and the difference is statistically significant
at the 10% level according to the Poe test. For a flood probability of once every 5,000years,
WTA is nearly eight times larger than WTP, and the Poe test results show that this difference
is statistically significant at 1%.
In Fig. 5 we present the sameWTA–WTP estimates for avoiding or accepting an increase
in flood probability compared to a reference point of once every 1,000years for experiments
WTP2 and WTA2. The patterns are similar to those in Fig. 4: the decrease in marginal WTA
is substantially smaller than the decrease in marginal WTP, and the difference betweenWTP
and WTA increases when moving away from the reference point. Performing a Wald test
on the differences in flood probability slope parameters in Tables 4 and 5 reveals that the
differences in the slopes of the value functions are statistically significant at the 1% level for
WTP2, but insignificant forWTA2. For a flood probability of once every 2,000years theWTA
is only somewhat larger than the WTP, and is statistically insignificant according to Poe’s
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Fig. 5 WTP/WTA estimates for avoiding/accepting an increase in flood probability to once every 1,000years
(in Euros per year) in experiments WTP2 and WTA2
combinatorial test. For a flood probability of once every 10,000 years WTA is nearly five
times larger than WTP, and the Poe test shows that the difference is statistically significant
at 1%.
To address the second hypothesis, we compare the results from WTP1 with those from
WTP2, and the results from WTA1 with those from WTA2, while the third hypothesis is
addressed by comparing the WTA–WTP disparities obtained from experiments 1 and 2. In
order to be able to better compare these results we give the WTP and WTA curves obtained
from experiments 1 and 2 identical reference points. This can be done in two ways. For
clarity’s sake, we present and discuss the results from the approach where we change the
reference point for experiment 2 to that of experiment 1 (i.e. a flood probability of once every
500years), by augmenting the WTP and WTA curves from experiment 2 with the WTP and
WTA values for once every 1,000years from experiment 1. We furthermore extrapolate the
WTP and WTA curves in experiment 1 by using the WTP and WTA slope parameters from
experiment 2.5
The results are presented in Fig. 6. The figure reveals several things. First, the curvature
of the two WTP lines from the two experiments are very comparable, but the WTP values
for specific flood probabilities are larger for experiment 2 than for experiment 1. Using a
lower flood probability reference point in experiment 2 leads to an upward shift in the value
function. Without reference dependence and given an identical reference point, one would
expect the WTP for a flood probability of once every 5,000 years to be at least as large as
the WTP for a flood probability of once every 2,000years. The reason is that people are
expected to positively value a gain when comparing once every 5,000years to once every
2,000years, or at least be indifferent between the two flood probabilities. This is, however,
not the case: WTP for a flood probability of once every 5,000years is almost 30 Euros lower
than for once every 2,000years, implying a substantial impact of the reference point. This
suggests a pattern resembling some form of reference point updating as discussed in Sect.
2, and implies that the model in, among others, Viscusi and Huber (2012) may have to be
extended to incorporate such updating behaviour by including some form of weight function
λ = f (pn |pr ).
5 The second approach would be to use the slopes of the WTA and WTP curves from experiment 2 to
extrapolate downward and obtain a change in flood probability from once every 1,000years to once every500
years for experiment 2. This approach is considered less preferable since we linearly extrapolate a clearly
non-linear value function.
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Fig. 6 WTA and WTP value functions for accepting/avoiding an increase in the flood probability to once
every 500years (in Euros per year; dotted lines are extrapolations)
Fig. 7 Alternative WTA value functions for accepting an increase in the flood probability to once every 500
years (in Euros per year; dotted line is an extrapolation)
Using a different reference point furthermore has a substantial effect on WTA, but using
a lower flood probability reference point in experiment 2 now leads to a downward shift
in the value function. At first sight it therefore appears that the WTA pattern is the exact
opposite of the pattern for WTP. However, note that the property rights and the associated
reference points for the WTA experiments are not the same as for the WTP experiments.
For analysing possible reference point updating, the WTA value functions should therefore
be drawn starting from their actual reference points, i.e., with a flood probability of once
every 5,000years for WTA1 and once every 10,000years for WTA2. To make these two
value functions comparable we again change the reference point for WTA1 to once every
10,000years by augmenting it using the WTA2 value function, similar to the process used
in Fig. 6. We furthermore extrapolate the WTA2 flood probability function from once in
1,000years to once in 500years using the WTA1 value estimate for that range. The resulting
WTA value functions are shown in Fig. 7.
When analysing and interpreting the patterns observed in Fig. 7, it is important to realize
that, for WTA, experiment 1 is the experiment with the updated reference point. Figure 7
clearly displays the form of reference point updating discussed in Section 2, i.e., an upward
shift in the WTA value function due to a change in the reference point. For example, the
WTA value for accepting an increase in flood probability to once every 1,000 years is around
1.8 times higher for WTA1 than for WTA2. Our findings therefore suggest similar forms of
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reference point updating for WTA and WTP. Moreover, the effects appear to be larger for
WTA than for WTP, at least in absolute terms, implying the weight function λ = f (pn |pr )
is steeper for losses than for gains, i.e., λ− > λ+.
8 Conclusions and Discussion
In this study we tested the effects of reference dependence in a low probability-high impact
risk context. We assessed the effects of both gains and losses in flood probability, and of
changing the flood probability reference value. Our prior expectations were that: (1) there is
a disparity between WTP and WTA; (2) under risk aversion decreasing the flood probability
reference value moves both the WTP and WTA value functions upward, for which we intro-
duce the concept of reference point updating; (3) the WTA–WTP disparity increases as we
increase the flood probability reference. To test these hypotheses we conducted four separate
choice experiments using four split samples with similar socio-demographic characteristics
living in the same case study area facing similar flood exposure levels, resulting in two WTP
experiment with different flood probability reference values, and twoWTA experiments with
different flood probability reference values.
With respect to our first hypothesis, we find that WTA values are larger than WTP values
for identical changes in flood probability. Moreover, we find that the disparity increases
when changes away from the reference point are larger, a finding that is comparable to the
results obtained by Chilton et al. (2012) in the context of health risks. With respect to our
second hypothesis, we find that both the WTP and WTA value functions for changes in
flood probabilities are affected by the reference point used in the choice experiment, and
that the effects are stronger for losses than for gains. Specifically, when decreasing the flood
probability reference value (lower flood probability) the WTP value function moves upward.
The pattern for theWTA value function is identical, but because property rights and reference
points were defined differently for WTA than for WTP, the value function moves upward
when increasing the flood probability reference value (higher flood probability). As a result,
with respect to our third hypothesis, we find that the WTA–WTP disparity increases when
using a lower flood probability reference value, or vice versa the disparity decreases when
using a higher reference value. These findings confirm the patterns expected under reference
point updating.
Our findings have several implications, especially in the field of public good valuation.
First, the effects of changing the reference value and reference point updating imply that due
to different reference values between regions and between time periods there may be strong
temporal and spatial dynamics in the welfare consequences of environmental changes. More
specifically, welfare consequences of similar environmental changes may vary over time
because reference values change gradually, and may differ between countries and regions
because of location specific reference values. In order to reliably assess the welfare conse-
quences of specific environmental changes, time- and space-specific research is therefore
required.
A second and related point is that transferring values obtained from previous studies to
other regions and time periods may lead to large transfer errors. Although this conclusion in
itself is not new (see, e.g., Dekker et al. 2011), our findings suggest a potentially important
reason why these errors are as large as they are. That is, if there are differences in the (risk)
context and the reference (risk) levels between the situation in which existing values were
elicited and the new situation to which these existing values are applied, not controlling
123
744 M. J. Koetse, R. Brouwer
for these differences will lead to estimates that are off the mark. For meta-analysis value
functions, which are often used for value transfer, this means that reference value effects
need to be taken into account explicitly.
Finally, given the pervasive disparity between WTA and WTP, choosing the appropriate
welfare measure to assess the economic consequences of changes in public good provision
is essential. The use of WTP as the most widely endorsed indicator of welfare change may
underestimate the economic value of welfare changes when it comes to accepting losses and
may lead to suboptimal design of environmental policies (see also Knetsch 2010). However,
our results show that WTA is more sensitive than WTP to both the scale of change that is
being studied and the reference value. This implies thatWTA values which are obtained from
studies that assess a different range of possible changes, and that use a different reference
value than is the case for the specific welfare analysis, may overestimate a welfare change.
These observations call for case-study specific research on the welfare effects associated with
changes in the quantity and/or quality of public environmental good provision. If value trans-
fer is used instead, incorporating reference point effects in transferring values or functions is
strongly advisable.
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